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Introduction
is a member of the Apocynaceae family. There are approximately 85 species of , which are mainly found in tropical regions [1] . species have been used as antidote for poisons and to treat malaria [2, 3] . Interestingly, plants from the Apocynaceae family have been traditionally used in the treatment of age-related brain disorders, such as leaves taken as tea for age related brain disorders including forgetfulness [3] .
In dementia related brain disorders, in particular Alzheimer's disease (AD), there is impairment of cholinergic neurotransmission at cognitive related regions of the brain, developed to enhance the cholinergic function in AD patients; the most clinically relevant has been the use of acetylcholinesterase (AChE) inhibitors that inhibit the degradation of the remaining acetylcholine [5, 6] . Many natural alkaloids have been studied for AChE inhibitory activity as potential candidate for symptomatic treatment of Alzheimer's disease. Various classes of alkaloids, in particular indole derivatives (such as physostigmine), isoquinoline derivatives (such as galanthamine and lycorine-type alkaloids), steroidal and terpenoid alkaloids have shown potent inhibitory effects on AChE [7, 8] . Plant families that are potential sources of such alkaloids include among others Amaryllidaceae, Buxaceae, Apocynaceae, Papaveraceae, Lycopodiaceae, and Leguminosae [9, 10] .
The phytochemistry of the species has been comprehensively investigated, in particular for the presence of alkaloids [9] . Previously, we reported the isolation of compounds from showing moderate AChE inhibition [11] . Herein, we describe the isolation and their cholinesterase inhibitory activity. Consequently, molecular docking investigation was undertaken to determine the molecular interactions between the inhibitory compounds and the enzymes.
Materials and Methods
Plant materials collection, enzymes and chemicals used for cholinesterase inhibitory assay were similar to those reported previously [11] .
Optical rotation was measured on Jasco P-1020 polarimeter (Japan). Column chromatography (CC) glass plates pre-coated with silica gel 60 F UV light or by spraying with Dragendorff's reagent. Preparative HPLC was conducted using a Waters 2707
The bark of R.
(1.0 kg) was extracted exhaustively with 5 L of by cold extraction method to remove the non-polar organic compounds, waxes and fats. The resulting residue , the methanol extract (20 g) was obtained. The presence of alkaloids was tested by using TLC technique and Dragendoff's reagent, which appear as orange spots. The methanolic extract (10 g) was fractionated using silica gel CC, eluted with dichloromethane-methanol (CH Cholinesterase inhibitory activity and molecular docking studies were carried out as described by Fadaeinasab et al. [11] . 0.08, CHCl 3 (calcd for C 21 H 28 N 2 O) (Fig. 2) . The UV spectrum revealed maximum absorptions at 250 and 285 nm, which were characteristic for a substituted indole chromophore [12] . The IR spectrum showed a band of OH group at 3378 cm 1 H NMR spectrum of (1).
Results and Discussion
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Fig. 4.
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C NMR spectrum of (1). group (d, =6.8, 3H) attached to C-20 (Table 1) .
The 13 5) spectra showed the presence of 21 seven methines, seven methylenes, one each methyl and methoxy group. The HMBC spectrum ( 3-methyl-10,11-dimethoxy-6-meobtained as a yellowish amorphous so-) ( Fig. 7 ) along with the NMR data, the molecular formula was established as C 16 H 16 N 2 O . The IR spectrum showed a peak at 1725 cm -1 , which indicate the presence of the carbonyl group and a band at 3369 cm -1 , indicating the presence of the NH group. In the UV spectrum, the maximum absorp--phore 1 H NMR spectrum (Fig.  8 ) displayed resonances attributable to s, 2H, H-9 and H-12), one methyl group . HMBC spectrum of (1).
Fig. 7. Molecular weight of (2).
Thus the structure of 2 was determined as 3-methyl-10,11-dimethoxy-6-methoxycarbonylFive known alkaloids, macusine B (3) undulifoline (5) [17] (Fig. 16, 17) , isoresrpiline (6) [13] (Fig. 18, 19) , and rescinnamine (7) AChE inhibitors are the largest group of drugs clinically approved to manage mild to moderate AD patients [19] . Alkaloids are considered the most promising candidate as cholinesterase inhibitors among the various classes of phytochemicals due to the presence of nitrogen-containing structure. The positively charged nitrogen could interact with the active site of cholinesterase, in particular at the catalytic triad [20] . Naturally occurring alkaloids such as physostigmine, galanthamine and huperzine A are potent AChE inhibitors. The indoletype alkaloid is an important class of natural AChE inhibitors [21] . Table 2 summarizes the IC 50 all the isolated compounds displayed strong to moderate cholinesterase inhibitory activity, except for 1, which was inactive against AChE. Compound 7 showed the highest inhibitory H NMR spectrum of (2).
Fig. 9.
13
C NMR spectrum of (2). also displayed more inhibitory activity than galanthamine on BChE [22] . In the present study, compounds 1, 2, 5 and 6 were found to be selective towards BChE, were reported to be more selective BChE inhibitors, whereby some members such as buxakashmiramine, chenomorphine and chuanbeinone exhibiting potent inhibition with IC 50 of lower than 1 BChE [20] . Liew et al. [23] reported the isolation of monoterpenoid indole alkaloids from found that monoterpene indole alkaloid showed BChE selective inhibition with IC 50 in the indole alkaloids, AChE selectivity is thought be contributed among others by the presence alkyl substituents on compounds 1, 2, 5 and 6 could explain their lack of AChE selectivity 
C NMR spectrum of (3).
Fig. 14.
1 observed. However compound 3, which has a methyl substitution, showed dual inhibitory dual inhibitory activities, having almost equal inhibitory potencies on both AChE and BChE enzymes. Although AChE plays a primary role in hydrolyzing acetylcholine, BChE was found to play an important and undiscovered role in cholinergic regulation at the affected region of the brain as AD progresses [25] . Thus, a BChE selective agent may be effective in the later stage of the neurodegeneration. On the other hand, an agent having dual inhibition on both AChE and BChE, such as clinically used carbamate, rivastigmine or compound 7 may offer
The active site of cholinesterase is placed at the bottom of a long, narrow gorge However, the gorge of AChE is only capable of accommodate smaller molecules due to molecules. Nevertheless, in our case, compounds 7 and 6, despite their bulkiness, were found to be the strong inhibitor of both AChE and BChE.
To understand the electronic interactions between the compounds and the residues composing the active site of cholinesterases, they were docked into the active site of AChE from crystal structure of and BChE from human BChE. Fig. 22a shows the that compound 7 was accommodated into active site gorge of AChE enzyme by the aid of strong hydrophobic interactions between the indole moiety with Trp 279 at the entrance of the gorge (peripheral anionic site) and between the aromatic ring at the side chain with site amino acid residues are responsible for the inhibitory potency of this compound. On 
13
C NMR spectrum of (5).
Fig. 18.
1 H NMR spectrum of (6). the other hand, compound 6 displayed two strong hydrogen bonds between the methoxy substituents at the indole moiety with the residues at the peripheral anionic site of AChE, namely; Phe 288 (2.59 Å) and Arg 289 (2.53 Å) as shown in Fig. 23a . Furthermore, 6 showed hydrophobic interactions with peripheral anionic site residues, including: Trp 279, Tyr 121, Tyr 70 as well as mild polar interactions with residue composing oxyanion hole of the slight structural bending and partially blocked the AChE active site.
at the active site of cholinesterase enzymes. The indole moiety of coronaridine, an indole alkaloid isolated from with strong AChE inhibitory activity (IC 50 of , namely prunifoleine and had hydrogen bond between endocyclic oxygen with Tyr 121 at the peripheral anionic site 
13
C NMR spectrum of (6).
Fig. 20.
1 H NMR spectrum of (7).
Fig. 21.
13
C NMR spectrum of (7). pocket). In contrast to these studies which suggest that indole moiety interacted mainly with the choline binding site, the indole moiety of the compounds 6 and 7 interacted mainly with the ligands lining the entrance or peripheral anionic site of AChE. Compound 7 showed different orientation at the active site of BChE (Fig. 22b) . It was strongly attached at the enzyme active site by two relatively strong H-bonding interactions to choline binding site at the bottom of the gorge, completely blocking active site of the enzyme suggest that methoxy groups of compounds 6 (at aromatic ring of side chain) and 7 (at indole ring) are primarily responsible for the strong inhibition via interactions with the residues at the active site of BChE.
Conclusions
The phytochemical investigation of bark yielded two new indole (6), and rescinnamine (7). On their cholinesterase inhibitory potential, compound 7 was found to be the most potent inhibitor of both AChE and BChE. Compounds 1, 2, 5 and 6
having almost equal inhibitory effect on both AChE and BChE. Molecular docking revealed that compounds 6 and 7 interacted differently on AChE and BChE, by means of hydrophobic interactions and hydrogen bonding. In AChE, the indole moiety of both compounds interacted with the residues lining the peripheral anionic site, whereas in BChE, their methoxy groups are primarily responsible for their strong inhibitory activity via interactions with residues at the active site of the enzyme.
